Purpose: The present study aimed to determine the problems of the Japanese version of the Center for Epidemiologic Studies Depression (CES-D) scale when applied to Japanese independent community-dwelling elderly focusing on its factor structure.
Introduction
With an advancing and aging society, the importance of the assessment of mental health in the elderly is increasing. Depression is one of the more important psychological characteristics of mental health, and the assessment of depression in the elderly needs to be carried out properly.
Previous studies have developed several depression scales, such as the self-rating depression scale (1), the geriatric depression scale (GDS) (2), Hamilton's depression scale (3) , and the Center for Epidemiologic Studies Depression (CES-D) scale (4) . The validity of the CES-D scale as a psychological scale was verified in clinical field trials. This scale is one of the major depression scales used around the world (5) . The CES-D scale was developed by the National Institute of Mental Health (NIMH) to screen for symptoms of depression in the ordinary population (6) . In Japan, Shima et al. (7) translated the CES-D scale into Japanese, and this scale has been used in many applied studies (8) (9) (10) (11) (12) .
The CES-D scale consists of 20 items, and assesses depression symptoms from the total score. In clinical settings, screening for depression symptoms is generally carried out using a cut-off value of 16 points of the total score (4, 6) . Recently, by using the subscales of the CES-D scale, a more detailed evaluation of depression in the elderly has been attempted (7) . The modeling of subscales in the CES-D scale has already been examined in developing this scale, and the four subscales, depression affect, positive affect, somatic symptoms and decline of activity, and relationship with others, were interpreted (4) . Recently, however, three factor structures for Chinese-Americans and two factor structures for Chinese living in Hong Kong have been reported (13) . Similar results have been reported in previous studies (14) (15) (16) . Using the Japanese version of the CES-D scale, although Yatomi et al. (12) interpreted four factors which were equal to Radloff's result (4), they reported that goodness-of-fit in their confirmatory factor analysis was not necessarily high, and that further research was needed. Iwata et al. (8) (9) (10) (11) reported that differences in factor structure and internal consistency for the CES-D scale were found among different age groups of Japanese samples and among different ethnocultural populations. These reports suggest the possibility that there are differences in the factor structure of depression based on culture and race, and that similar assessment procedures were not always appropriate when translating the original version into other languages and applying it to different ethnocultural populations.
In Japan, the existing depression scales developed in other countries have often been used to assess depression symptoms of the elderly. Therefore, it is important to confirm the reliability, factor structure and validity of the Japanese version of the CES-D scale, and to examine whether assessment by total or subscale score is appropriate. Furthermore, many of the previous studies concerning this scale, such as that by Iwata et al. (8) (9) (10) (11) , focused on young or moderate populations, and there are few studies focusing on the elderly population and determining the problems applying to them.
The present study aimed to examine the factor structure of the CES-D scale when applied to independent communitydwelling elderly Japanese living in the local area, and to verify its reliability and validity as a depression scale. These examinations determined some problems with the Japanese version of the CES-D scale and provide indications as to whether or not it is appropriate for assessing depression symptoms in elderly Japanese, and whether or not development of another depression scale for elderly Japanese is needed.
Methods

Subjects and data collection
We conducted a survey at Kushiro City in Hokkaido, Akita City in Akita, Mito City in Ibaragi, Kanazawa City in Ishikawa, Fukui City in Fukui, Komaki City in Aichi and Gifu City in Gifu based on the limitations of availability within our research fields. We delivered a questionnaire to a total of 1900 subjects (100 to 300 questionnaires were distributed to each area), and collected data from 1865 subjects. After confirming the data loss for gender, age and disease history, data from 1791 subjects (848 males, 60s: n=134, 65s: n=233, 70s: n=249, 75s: n=139, 80s: n=93; and 943 females, 60s: n=166, 65s: n=247, 70s: n=238, 75s: n=167, 80s: n=125) were used for the analysis (effective response rate 94%). The investigators in this study were researchers working at universities in each prefecture. They gathered data in a general delivery survey and interview setting or education class settings. Prior to the survey, investigators explained to the subjects that they could refuse to participate in the survey, and that participating would not adversely affect their privacy.
Subjects were community-dwelling independent elderly people aged 60 and over, almost all of whom participated in health or culture education classes for the elderly offered by each municipality, such as healthy exercise programs, recreational sports and traditional culture programs on flower arrangement, calligraphy, "go" games and haiku poems.
Questionnaire
This study used the CES-D scale to assess depression in the elderly. The scale was translated into Japanese by Shima et al. (7) , and consists of 20 items with a 4-point Likert scale from never=0 to always=3 (for four items, the pattern of the reverse rating scale was from never=3 to always=0). The depression level advanced with increasing item score.
In addition, we also used the GDS. This scale has been used around the world due to its simplicity. The GDS consists of 15 items with a dichotomous scale.
Statistical analyses Confirmation of the factor structure of the Japanese version of the CES-D scale by exploratory factor analysis
The four-factor structure of the original version and the Japanese version of CES-D scale have been reported by Radloff et al. (4), Shima et al. (7) and Yatomi et al. (12) . However, previous studies reported that an equal factor structure was not always obtained when applied to different ethnocultural populations. Therefore, this study attempted to confirm whether the factor structure comparable to previous studies is interpreted by exploratory factor analysis when applied to Japanese elderly. Exploratory factor analysis was applied to the correlation matrix consisting of 20 items of the CES-D scale. Extraction of factors was conducted by considering the following: magnitude of eigenvalue (1.0 or more), scree-plot, and interpretability of factors.
Examining the goodness-of-fit of factor model of the Japanese version of CES-D by confirmatory factor analysis
In assessment of depression symptoms with the CES-D scale, two assessment procedures using total score and subscale score have been examined. This means that two different models of the first-order factor model, which comprises the four factors interpreted in previous studies (4, 7) , and the second-order factor model composed of a higher-order factor (depression) and four sub-factors, are assumed. When applying the Japanese version of the CES-D scale to Japanese elderly, it should be determined which assessment procedure (factor model) is more appropriate. Therefore, this study examined the goodness-of-fit of these two factor models for Japanese elderly by confirmatory factor analysis. The model-fitting was evaluated by calculating the goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI) and Akaike's information criterion (AIC).
Reliability of total and sub-scales
For each factor interpreted in this study, the reliability of each subscale items was examined using the Cronbach alpha coefficient. In addition, the relationships between the subscale scores of the Japanese version of the CES-D scale were calculated based on the factor structure of Yatomi et al. (12) , and those based on the factor structure extracted in this study were examined by Pearson's correlation coefficients.
Relationships with other depression scale scores
The relationships between the score on the GDS and the CES-D subscale scores extracted in this study were examined by Pearson's correlation coefficients.
Results
Confirmation of factor structure of the Japanese version of the CES-D scale by exploratory factor analysis Table 1 shows descriptive statistics for the CES-D scale scores. The mean value of the total score of the CES-D scale was 9.9, and was equal to that of the normal adult group in the Exploratory factor analysis based on maximum-likelihood method and promax rotation was conducted.
previous study. The proportion of subjects showing depression symptoms (scoring 16 or more points used as the cut-off point for depression screening) was 14.3%. Table 2 shows the factor pattern matrix when the exploratory factor analysis is applied to the correlation matrix from the 20 subscale items of the CES-D scale. The four factors of depression affect, positive affect, somatic symptoms and relations with others, which were the same as that of the previous study, were interpreted.
Examining the goodness-of-fit of factor model of the Japanese version of the CES-D scale by confirmatory factor analysis Figures 1 and 2 show model-fitting when assuming the first-order factor model and the second-order factor model for the 20 items of the CES-D scale, respectively. In both models, the GFI and AGFI values were high, and good model-fitting was found. The goodness-of-fit indices and AIC fitted the second-order factor model better than the first-order factor model.
Reliability of total and subscale of the Japanese version of the CES-D scale Table 3 shows Cronbach's alpha coefficients for the total scale and subscales. Except for physical symptoms (0.747), the coefficients of the subscales were all lower than 0.647. The alpha coefficient of the total scale was 0.813. Furthermore, the correlations between factor scores based on two factor structures obtained in Yatomi et al.'s reports (12) and in this study were calculated. These correlations were significant and high (0.896 to 1.000, p<0.01).
Relationships with other depression scores
As shown in Table 4 , the correlation coefficients between the CES-D scale subscale scores obtained in this study and the total score of the GDS were significant (0.239 to 0.579, p<0.01). 
Discussion
The sample of this study was independent Japanese elderly. Seven percent of them lived alone and the others lived with their spouse, child or grandchild. In the self-evaluation of health status, 62% responded "average," and 12% responded "bad" or "very bad." In participation in social or leisure activities, 80% responded "do" or "do sometimes." In depression symptoms, the proportion of subjects showing depression symptoms (scoring 16 or more points used as the cut-off point for depression screening) was 14.3%. In Shima et al.'s report (6) examining the validity of the Japanese version of the CES-D scale, the proportion of subjects in a normal control group showing 16 or more points was 15.2%, and the value for the group aged 60 or more reported by Clark et al. (17) was 16.2%. These values are considered to be almost comparable to this study. Under the limitation of these characteristics of sample, this study examined the problems of the Japanese version of the CES-D scale when applied to elderly Japanese from the viewpoint of the characteristics of the factor structure of this scale.
In the CES-D scale frequently used in clinical settings, total score is used as an assessment scale to screen for depression symptoms (6) . Although the factor structures of the original and Japanese version of the CES-D scale were reported in the previous studies of Radloff (4) and Yatomi et al. (12) , such as the above four-factor structure, this is merely a classification of depression symptoms. Furthermore, the utility of each subscale as a depression assessment scale has not been sufficiently examined.
Therefore, this study conducted a confirmatory factor analysis of 20 items of the Japanese version of the CES-D scale to determine the reproducibility of the factor structure. As a result, the four factors of depression affect, somatic symptoms, positive affect and relation with others were extracted and were the same as those in the previous study. The items included in each factor were the same as those of Yatomi et al. (12) except for two items of No. 1, "bothered by things," and No. 9, "life had been a failure." "Bothered by things" belonged to the somatic symptoms factor in Yatomi et al.'s report (12) , but to the depression affect factor in this study. "Life had been a failure" belonged to the depression affect factor in Yatomi et al. (12) , but to the relation with others factor in this study. The relationships between subscales based on Yatomi et al.'s factor structure and those based on the factor structure of this study were high (Table 3) . It is thought that the reproducibility and generalization of this four-factor structure is high as the factor structure of the Japanese version of the CES-D.
On the other hand, because the relationships between factors were also high, it is thought that the factor structure of the Japanese version of the CES-D scale is not clear and simple. Therefore, although it is considered valid to interpret these four factors as subscales of the Japanese version of the CES-D scale, a more detailed assessment of depression by simply scoring (12) and in this study. Table 4 The relationship between CES-D total and subscale scores and GDS score subscales may not be appropriate. When developing a psychological scale using factor analysis, the factor structure of the scale should be examined after determining the validity of the subscale items using a stepwise variable selection in an exploratory factor analysis (18) . The Japanese version of the CES-D scale, however, was developed under the restriction that the number and content of the subscale items not be changed from the original version (7, 12) . This may also be one of the reasons that a few items showing low internal consistency were included among the subscale items. Therefore, reselection of the depression items, including a change of items, may be required to develop a depression scale with high factor validity.
In general, the establishment of a model is useful to our understanding of psychological phenomena. In structural equation modeling in multivariate analysis, there are factor models such as a first-order factor model and a hierarchical factor model. Recently, a higher-order factor model and a multiple indicator multiple case (MIMIC) model have been proposed in covariance structure analyses (19) . In the previous study determining the modeling of depression in the elderly, a secondorder factor model assuming a higher-order factor and a firstorder factor model have been examined (7, 12) . We examined the validity of these models by confirmatory factor analyses. Goodness-of-fit indices were high in both models. Comparing the AIC values of the two models, the second-order factor model was considered to be more reliable than the first-order factor model. These results indicate that although generalization of the four factors is almost valid in the Japanese version of the CES-D scale, more appropriate model-fitting can be obtained by assuming a higher-order factor for depression as a general factor.
In general, the level of reliability coefficient (Cronbach's alpha coefficient) of a psychological questionnaire is required to be 0.8 or more (20) . The reliability coefficients of the four subscales in the CES-D scale were lower than 0.8, and hence their levels were not sufficiently high. Especially, the number of items making up the subscale of relation with others was minimal (3 items), and insufficient to perform a reliable and stable assessment. Therefore, it may be problematic to use the subscale of relation with others as an independent assessment scale of depression in the elderly. In addition, considering the result of examining factor validity by confirmatory factor analysis, re-examination of the subscale items for the relation with others factor is also a problem that we should solve. On the other hand, the reliability coefficient of the total scale was 0.813, and the reliability of the Japanese version of the CES-D scale is considered to be assured in a general assessment by total score.
In the relationship between the Japanese version of the CES-D scale and the GDS, which is a general-purpose depression scale for the elderly, the correlations between the CES-D subscale scores and the GDS total score varied (0.239 to 0.570), and it was considered that these two depression scales do not always assess a common content of depression. The GDS assumes a single factor structure, and the total score is used for assessment. The predominance of the CES-D scale over other depression scales is due to the fact that this scale can assess depression with a multidimensional scale. Therefore, the factor validity of the subscale items and the reliability of each subscale are important problems that should be addressed.
In conclusion, in the exploratory factor analysis, the four factors of depression affect, somatic symptoms, positive affect and relation with others were interpreted. These factors were the same as those in the previous study, but each subscale item partly differed, so that the factor validity of each subscale was not necessarily assured. In addition, although the reliability of each subscale was not sufficient, sufficient reliability was assured in the total scale. In the confirmatory factor analyses for the first-order and second-order factor models, goodness-of-fit was high in both models. In examining the validity by AIC, the second-order factor model assuming a higher-order factor for depression fitted better compared with the first-order factor model. As mentioned above, assessment of depression by the Japanese version of the CES-D should be conducted using the total score, and re-examination of the individual items of each subscale is needed.
